Background. Thymic carcinoma is a rare, indolent, and invasive cancer. This study investigated the treatment results of thymic carcinoma and clinical prognostic factors.
T hymic carcinoma is a rare, indolent, and invasive cancer that easily metastasizes. It constitutes a heterogeneous group of tumors that display different biological behavior and prognosis [1] [2] [3] [4] [5] [6] . Chung [7] collected all the reports available through Medline from 1966 to 2000; only 305 patients with thymic carcinoma had been reported. Most of these patients were asymptomatic or had late symptoms develop and were treated in the late stages of the disease. Reports about the clinical prognostic factors and treatment of choice are rare because most series have a limited number of patients [8 -11] . Some reports suggest that tumor resectability, tumor stage, tumor grading, or postoperative radiotherapy influenced the outcome [4, 6, 8 -11]. The largest clinical report by Blumberg and colleagues [12] showed that innominate vessel invasion was the only prognostic factor and that Masaoka stages could not predict prognosis. We treated 40 patients with thymic carcinoma from July 1988 to January 2002, and we reported that thymic carcinomas had a high percentage of bcl-2 and mcl-1 expression [13, 14] , which indicated their malignant behavior. Those patients, especially with stage III tumors involved in a wide range of different mediastinal organs, were aggressively treated by surgery. We had a relatively large number of patients with thymic carcinoma and a high percentage and high complete resection rate of stage III patients. Thus, we retrospectively reviewed our data to define the prognostic factors and the influence of aggressive surgical treatment of thymic carcinoma.
Material and Methods

Patient Selection
Medical records of the patients treated for anterior mediastinal tumors at the National Cheng Kung University Hospital from June 1988 to January 2002 were reviewed. Patients diagnosed with thymic carcinoma based on Rosai's and Muller-Hermelink's classification, which was classified as the type C thymoma by World Health Organization, were included in this study. All the diagnoses of patients with thymoma and thymic carcinoma were re-revised by a pathologist. Thymic carcinoid was excluded from this study. The clinical and pathologic data of those patients were retrospectively reviewed from the chart and telephone contact was made with patients or their families. All patients were followed-up for at least 15 months or until the time of their death.
General Management Principles for Thymic Carcinoma
Computed tomography or magnetic resonance imaging was used to evaluate whether the lesions were resectable. The criteria for considering a tumor to be unresectable at the start of the study were (1) association with superior vena cava syndrome; (2) association with hoarseness; (3) association with pleural effusion or phrenic nerve paralysis; (4) association with pericardial effusion, and encasement of the great vessels of mediastinum (including pulmonary vessels, aorta, or innominate artery), or a combination thereof. Reconstructive procedures of the superior vena cava (SVC) were the described the same as in our previous report [15] . Biopsy was performed by mediastinoscopy or mediastinotomy for unresectable lesions. Preoperative concurrent chemoradiation therapy using the cisplatin-based regimens along with radiation therapy was performed to downstage the unresectable tumor. If the tumor showed progressive downstage, operative procedures were subsequently performed. Debulking surgery was performed to decrease tumor load for further adjuvant therapy in a limited time. Postoperative radiation therapy with a full dose (5000 to 6000 cGy) was routinely performed for those patients undergoing complete resection.
Statistical Analysis
The clinical data used for analysis included age, sex, tumor size, tumor staging, cell type of tumor, operative procedures (complete resection versus incomplete resection), and local invasion of organs (lung, pericardium and pericardial effusion, pleura and pleural effusion, phrenic nerve, recurrent laryngeal nerve, innominate vein, SVC, pulmonary vessels, aorta, paratracheal lymph nodes, perithymic lymph nodes). Survival analysis was performed using the Kaplan-Meier, univariable log rank, and Wilcoxon tests. Statistical significance was defined as p less than 0.05. Table 1 . Incidence of locoregional invasion of the tumor and prognosis are shown in Table 2 . The patients with tumor invasion of the SVC, pulmonary vessels, and aorta had significantly poorer prognosis.
Results
Incidence of Thymic Carcinoma
Prognostic factors according to tumor staging, cell type, and operative procedures (complete versus incomplete resection) are shown in Table 3 . The patients with WD SCC had a better prognosis compared with other types of thymic carcinoma. Complete resection of the tumor significantly improved the survival rate of the patients.
Responses to Radiotherapy and Chemotherapy
Seven patients underwent concomitant chemoradiation therapy after confirmation of tumor from biopsy. The tumors of 2 patients had changed from stage IVb to III, and the patients subsequently underwent complete resections. One patient with tumor invasion of the aorta had decreased tumor volume. This patient eventually died from intraoperative aortic rupture. Three patients showed only slight decreasing volume of the tumor.
Recurrence of Cancer
Recurrence of cancer was noted in 13 of 27 patients with en-bloc resection. Nine patients had recurrence in the pleural cavity, whereas 7 patients had distant metastasis. The median interval of recurrence was 52 months (95% confidence interval, 30 to 80 months).
Reoperation for Local and Distant Recurrence
Reoperation for recurrence was performed on 2 patients with pleural recurrence and 1 patient with lung metastasis. Two patients with stage III WD SCC who underwent 
Outcome
The cumulative survival of all patients (those with complete resection and those who were not completely resected) using the Kaplan-Meier method is shown in 
Comment
Thymic carcinoma is a very rare, malignant tumor. Its rarity, invasiveness, and high rate of recurrence make this tumor respond poorly to treatment. Herein we reported one of the largest series published thus far. The prevalence of thymic carcinoma compared with all thymic malignant neoplasms was similar to the reports by Hsu and colleagues [11] and Blumberg and colleagues [12] . In Taiwan, the incidence of thymic carcinoma seems higher than in Western countries [8 -11] . Squamous cell carcinoma was the most common type of thymic carcinoma in this series followed by lymphoepithelioma -like carcinomas. Although there are reports in the literature [8, 9] that SCC had a better prognosis than other histologic types of thymic carcinoma, our results did not show this tendency. Contrary to Blumberg and colleagues' [12] report, our data revealed that the prognosis of WD SCC was better than other types of thymic carcinoma. Well-differentiated SCC was defined as low-grade malignancy and was reported as the most reliable predictor of prognosis [4, 6, 9]. As for other reports [2, 12] , myasthenia gravis only occurred in the patients who had thymic carcinoma with the cell type of WD SCC, and the incidence was high in this series [12] . This may be the reason that WD SCC was found earlier than other types of thymic carcinoma. Our data also showed that the patients who had thymic carcinoma combined with cortical thymoma all occurred within the stage II WD SCC group. Thus, we believe that WD SCC may be a closer spectrum of differentiation and prognosis to thymoma rather than to thymic carcinoma [6, 16, 17] .
We performed debulking surgery in some of the patients because this procedure has been suggested to increase survival time. In our limited experiences, debulking itself seemed to increase morbidity and mortality, especially when the recurrent laryngeal nerve or phrenic nerve was sacrificed. Two of 6 patients who underwent debulking surgery eventually died from aspiration pneumonia and respiratory failure, respectively. Two other patients died from operative complications (aortic rupture and ventricular tachycardia). The efficacy and limit of debulking surgery is still questionable. It is hard to decide which kind of patients would get benefit from debulking surgery, because all of them had unresectable tumor. Our suggestion is that during debulking surgery it may be better to preserve the functional nerve (vagus nerve, recurrent laryngeal nerve, or phrenic nerve); even the nerve is encased by tumor to prevent postoperative complications. Complete resection of tumor was a significant prognostic factor of survival in this series, contrary to some reports [11, 12] . Size of tumor did not influence the tumor resectability or the survival rate. In our experience, only the patients undergoing complete resection of the tumor had long-term survival. Our cumulative survival result was almost the same as Blumberg and colleagues' [12] report, and was better than most serial reports [8, 9, 11] . This suggests that aggressive surgery must play a role in increasing survival rate. Reports discussing the role of reoperation for thymic carcinoma recurrence are rare. In this series, the results are very interesting; however, this deserves further investigation because the experience is limited.
Although preoperative adjuvant therapy has been reported to increase tumor resectability, or even cure patients [18, 19] , we had dismal experiences, similar to other reports from Taiwan [8 -11] . There may be a racial difference in the response of thymic carcinoma to treatment. The response was only partial in two-thirds of patients, and no complete response was noted. Two patients had cervical lymph node metastasis that disappeared after neoadjuvant therapy, and underwent complete resection of mediastinal tumors and cervical lymph node dissection. Occipital lymph node metastasis occurred 6 months after surgery in 1 of 2 patients, and this patient died soon after recurrence. The other patient has been followed-up for 15 months without recurrence.
Local regional invasion of nearby organs by thymic carcinoma is very common, and the lung was most commonly invaded. Our results showed tumor invasion of SVC was one of the major determinants of prognosis, which was similar to the result reported by Blumberg and colleagues [12] . However, invasion of the SVC did not preclude surgery. If the tumor invading the SVC could be en-bloc resected, the patient could still achieve long-term survival. The patient who underwent concomitant SVC and innominate vein resection and reconstruction with the longest survival in our series is still well without recurrence, 10 years 9 months postoperatively. We only precluded SVC resection and reconstruction (1) when metastasis was defined, (2) in prominent SVC syndrome, and (3) if there was extensive local invasion that prevented the tumor from being completely resected. Our data also revealed that survival was significantly better in the patients without aorta or pulmonary vessel involvement, and the survival curve continued to diverge throughout long-term follow-up. Thymic carcinoma with aorta or pulmonary vessel involvement always precluded complete resection, not only because it extensively encased the great vessels, but also because distant metastasis was frequently noted. These patients may have had early distant metastasis because the tumor cells penetrated and spread from the great vessels.
Our data also showed that Masaoka staging could not predict the prognosis of these patients, as reported in the literature [12] . This may be because stage III contains variable organ invasion, which would separately influence prognosis. Should involvement of the great vessels be upgraded to stage IV because it indicates poor prognosis? We tried to revise the stage but failed. This may be due to a limited number of patients. The TMN system has been applied for thymic carcinoma [5, 20] . In this series, we found that the incidence of nodal metastasis (perithymic or paratracheal) was relatively rare, and nodal status did not influence prognosis. 
Conclusion
Complete resection of thymic carcinoma is still the best way to achieve long-term survival. The patients with tumor invasion of the SVC, pulmonary vessels, or aorta have a poor prognosis.
